Assessing the role of neutrophil apoptosis in the resolution of particle-induced pulmonary inflammation.
Following inflammatory-cell recruitment in the lung, neutrophil apoptosis and subsequent engulfment by macrophages are regarded as important components in the resolution of pulmonary inflammation. The goal of this study was to further investigate the role of apoptosis and its influence, if any, on the pulmonary inflammatory process following exposures to the following particulate types: amorphous (AMO) or crystalline silica (Si), lipopolysaccharide (LPS), or pigment-grade titanium dioxide (TiO2). Rats were intratracheally instilled either with TiO2, AMO, or Si particles at doses of 1 or 5 mg/kg or 6 microg LPS. Following exposures, bronchoalveolar lavage fluids and lung tissues were collected and evaluated at 12, 24, 48, or 168 h (i.e., 1 wk). At the 1 mg/kg dose, AMO instillation produced the highest pulmonary inflammatory response, concomitant with a rise in apoptotic cells that mirrored temporally the transient nature of the inflammatory response. At 5 mg/kg, amorphous silica and crystalline silica particles induced substantial pulmonary inflammation [approximately 50-60% neutrophils (PMNs)] at 12 h postexposure (pe). A fundamental difference between the two inflammatory patterns, however, was the subsequent reversibility of inflammation in the AMO-exposed rats at 168 h postexposure and the sustained inflammatory effect in the Si-exposed animals measured through 168 h pe (approximately 40% PMNs). Pulmonary apoptotic responses in AMO-exposed rats mirrored temporally and correlated with the time-course reduction of inflammatory responses, leading to resolution. In the Si-exposed rats, apoptotic levels remained elevated, concomitant with sustained inflammation measured through 168 h pe. High doses of TiO2 particles produced transient lung inflammation, but with low levels of apoptosis. In addition, instillation of LPS produced a transient inflammatory response which mirrored the time course of apoptosis levels and was resolved by 168 h pe. cDNA microarray methods demonstrated that gene expression was altered for several apoptosis-related genes in AMO-, Si-, and LPS-exposed animals at 24 h pe. The results of these studies demonstrate that, following exposures, the resolution of lung inflammation correlated temporally with apoptotic levels of neutrophils in AMO- and LPS-exposed rats. Alternatively, instillation of crystalline silica resulted in sustained pulmonary inflammation and measurable apoptosis at 1 wk postexposure, but the apoptotic cell processes were not effective in resolving the inflammatory response. The findings suggest that the coordination between the resolution of inflammation and inflammatory cell apoptosis in the lung is dependent on the particle-type and that other factors, such as particle cytotoxicity, may also be important.